Daclatasvir-like inhibitors of NS5A block early biogenesis of hepatitis C virus-induced membranous replication factories, independent of RNA replication.
Direct-acting antivirals that target nonstructural protein 5A (NS5A), such as daclatasvir, have high potency against the hepatitis C virus (HCV). They are promising clinical candidates, yet little is known about their antiviral mechanisms. We investigated the mechanisms of daclatasvir derivatives. We used a combination of biochemical assays, in silico docking models, and high-resolution imaging to investigate inhibitor-induced changes in properties of NS5A, including its interaction with phosphatidylinositol-4 kinase IIIα and induction of the membranous web, which is the site of HCV replication. Analyses were conducted with replicons, infectious virus, and human hepatoma cells that express a HCV polyprotein. Studies included a set of daclatasvir derivatives and HCV variants with the NS5A inhibitor class-defining resistance mutation Y93H. NS5A inhibitors did not affect NS5A stability or dimerization. A daclatasvir derivative interacted with NS5A and molecular docking studies revealed a plausible mode by which the inhibitor bound to NS5A dimers. This interaction was impaired in mutant forms of NS5A that are resistant to daclatavir, providing a possible explanation for the reduced sensitivity of the HCV variants to this drug. Potent NS5A inhibitors were found to block HCV replication by preventing formation of the membranous web, which was not linked to an inhibition of phosphatidylinositol-4 kinase IIIα. Correlative light-electron microscopy revealed unequivocally that NS5A inhibitors had no overall effect on the subcellular distribution of NS5A, but completely prevented biogenesis of the membranous web. Highly potent inhibitors of NS5A, such as daclatasvir, block replication of HCV RNA at the stage of membranous web biogenesis-a new paradigm in antiviral therapy.